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INTRODUCTION
Cereals, including sorghum, millet, wheat, rice, barley, and maize, are important basic foodstuffs in Asia and Africa tropical semi-arid regions. They remain the main energy sources for millions of inhabitants among the poorest of these regions. Cereals and their derivatives play important nutritional, social and economic roles. They provide about two-thirds of energy needs and on an average 70% of the protein content in a diet (Bartali et al. 1994) . At the global level, two-thirds of maize products are used for animal feed and 27% for human consumption. In Africa, 50% of the population depends on maize, which is an important source of proteins, vitamins and minerals. It is consumed either as whole seeds (separate or on cob), is reduced to flour and prepared in the form of gruel or baked cake. The whole maize plant can be consumed by livestock as fresh or dried forage or as silage. This plant fattens beef cattle more quickly and thus increases the production of milk in dairy cows. In Côte d'Ivoire, maize (Zea Mays L.) is the second cereal after rice in terms of production and consumption. Maize is grown in all agro-ecological zones and is used in human and animal consumption and as raw material in the industries. Annual production estimated at 700 000 tons, is fully consumed, and remains insufficient to meet population needs (Akanvou et al., 2007) . Cultivated in all agro-ecological zones, maize is consumed countrywide in various forms. For poorest populations, products resulting from maize processing constitute the most important elements of their food staple. The reserves of maize permit too many populations to survive when the harvest of other cereals (millet, wheat, rice) is bad. A good conservation of maize grains is thus necessary for the safeguarding of stocks in appropriate quantity and quality. The importance of maize is due to its availability all the year long (IITA, 2012). Because of its economic assets (easy to produce, collect and stock) and nutritive value (high starch, protein and mineral contents), maize is a competitive product that contributes to lowering the prices of food commodities such as milk and meat (Nuss et Tanumihardjo, 2011) . Minerals are essential for any living organism. Their deficiency in the body can lead to many troubles of physiological functions. Minerals derived from raw materials native content, from food additives and water (Schlegel et al., 2009) . Thus, in order to use them in an optimal way, according to the needs for the human and animal consumption, their content must be known during the preservation of the maize varieties cultivated in Côte d'Ivoire. This work has been implemented in this context.
MATERIALS AND METHODS
Raw materials: In this study, raw materials were six improved maize varieties (Obatanpa; GMRP-18; EV8728; MDJ; ACR97 comp1w; ACR97 comp1w synth) and two local varieties used as controls (AC176; violet de Katiola) (Table 1) . 
RESULTS

Ash content of maize varieties during preservation:
The variation of local maize varieties ash content is different in the three preserving materials after four months (table 2) . For 'Violet de Katiola", a significant ash rate increase (1.62% MS) was observed after 30 days of preservation in the attic and the bag (with respectively 2.28% and 2.41% MS). Any variation was observed in the Granary. Concerning AC 176 variety, ash content significantly increased (from 1.40 %MS to 1.75% MS) after 30 days of preservation in the attic and after 60 days in the bag (from 1.40 %MS to 2.39% MS), but any variation was observed in the granary. Thus, local varieties ash content is best preserved in the granary. For improved varieties, (table 3) , the rate of ash in the Obatanpa variety significantly decreased after 60 days in the granary (from 1.68% MS to 1.25% MS), while in the attic this rate significantly increased during the same time (2.15% MS) and in the bag, the rate increased significantly after 60 days (2.22 % MS) and 90 days (2.23 % MS).. Concerning the MDJ variety, ash rate significantly decreased after 60 days in the Granary and the bag (from 1.30 %MS to 1.00% and 1.27% MS respectively), and significantly increased in the Attic (2.21% MS). EV8728 variety ash rate significantly decreased after 30 days in the Granary, the Attic and bag (from 1.74% MS to 1.24%, 1.23% and 1.28% MS respectively). GMRP18 variety ash rate decreased significantly after 30 days in the Granary, the Attic and bag (from 1.72% MS to 1.26%, 1.25% and 1.24% MS respectively). Concerning ACr97comp1w variety, ash content significantly increased after 30 to 60 days in the Granary and the Attic (from 1.51% MS to 2.05 to 2.10% MS and from 1.51% MS 2.04 to 2.15% MS respectively). In the bag, this rate significantly decreased between 60 and 90 days (from 2.17 % MS to 1.65% MS). Concerning ACr97comp1wsynth variety, ash rate significantly increased after 60 days in the Granary (from 1.41% MS to 2.75% MS), increased after 30 days in the Attic (1.62% MS). In the bag, the ash rate increase was regular from the beginning to the end of the storage. We can deduce that in the improved varieties, ash content was not preserved in the granary, the attic and the jute bag Mineral content of maize varieties during the preservation: Potassium (K), phosphorus (P), magnesium (Mg) and calcium (Ca) were the four main elements identified in all varieties (Figure 1, 2, 3, 4 , 5, 6, 7 and 8). The variation of the mineral contents in the maize varieties was measured during the storage. Concerning "Violet de Katiola" preserved in the granary, only Ca and Mg contents were significantly maintained after 30 days and 120 days respectively (Figure 1) . P and K contents were not maintained but increased significantly after the first 30 days (values increased from 202.33 mg to 213.5 mg for P and from 271.17 mg to 299 mg for K). In the Attic, only Mg content remained significantly constant after 120 days (values oscillated between 63.5 and 69.93 mg ), but after only 30 days of preservation, Ca , P and K rates increased from 8.65 mg to 16.67 mg, 202.33 mg to 220.47 mg and 271.17 mg to 294 mg respectively. In the bag, Mg and K amount did not change throughout the term of preservation time and P content was maintained only for 30 days. Ca content was not maintained because significantly increased during the storage. We can deduce that the granary and the bag were more appropriate for the maintenance of the greater part of "Violet de Katiola" mineral constituents. Ca and Mg contents in AC176 preserved in granary did not significantly vary after 30 days and 120 days of storage (rates varied around 14 mg for Ca after 30 days and 59.5 mg for Mg after 120 days). On the other hand, P content increased and K significantly decreased after 30 days of storage ( Figure  2) . P, K and Mg contents in AC176 preserved in attic remained constant after 60 days (for P), 90 days (for K) and 120 days (for Mg), but the Ca rate significantly decreased after 30 days of preservation. In the jute bag, Ca rate was constant after 60 days; Mg content remained constant during the storage, P content increased and K content significantly decreased after 30 days. We can deduce that the minerals of AC176 variety were best preserved in the attic except for Mg, which was well preserved in the three storage devices. In the granary, Ca rate in Obatanpa (a protein-rich variety) was stable during 120 days of storage (values ranging between 14 mg and 24 mg), but P and Mg rates significantly increased over time and K content, significantly decreased over time (Figure 3) . In the attic, Ca and P rates remained significantly constant after 30 days of preservation, Mg content increased significantly during the first 30 days of preservation and K content decreased during 90 days, then increased during the next 30 days. In the bag, only P content remained stable after 30 days of storage, but Ca and Mg rates significantly increased after the same time; K content decreased during 90 days of preservation, then increased during the next 30 days. In the granary, Ca and Mg contents in the MDJ variety did not vary after 30 days for Ca and after 120 days for the Mg; however, P content significantly increased, and K content significantly decreased after 30 days of storage (Figure 4 ). In the attic, P and Mg levels were significantly constant after 30 days for P, 120 days for Mg; Ca content decreased after 30 days of preservation and K content significantly increased after 30 days. In the bag, Ca, P and Mg rates were constant after 60 days for P, after 90 days for Ca and 120 days for Mg. It appeared that the bag was more appropriate for the preservation of the greater part of MDJ minerals. : Variation of MDJ mineral contents according to preservation device Note: histograms with the same letter for each of the minerals are not significantly different at P>0.05. T0: initial content; T1: content after 30 days of preservation; T2: content after 60 days of preservation; T3: content after 90 days of preservation; T4: content after 120 days of preservation.
In the granary, Mg and K contents in EV8728 variety were significantly constant after 120 days for Mg and only 60 days for K ( Figure 5 ). However, P and Ca contents significantly increased during the first 30 days of conservation. In the attic, Ca and P contents remained significantly constant after the first 30 days and Mg content after 120 days. However, K content increased after the first 30 days of preservation. In the bag, Ca and Mg rates remained constant during all the storage time but P content was maintained only during the first 30 days. It appeared that the attic and the bag were more appropriate for the conservation of EV8728 mineral constituents. In the granary, Ca and Mg rates in GMRP18 variety remained significantly constant during all the storage time but P content increased and K content decreased after 30 days of conservation ( Figure 6 ). In the attic, the results were similar to those in the granary. It appears therefore that the mineral contents in GMRP18 varied in the same way in the three preservation devices. In the granary, Ca and Mg rates in ACr97comp1w variety remained significantly unchanged during the storage, but P content increased and K content decreased after 30 days (Figure 7) . In the attic, Ca and Mg rates were stable during 120 days and P content after 90 days but K content decreased after 30 days. In the bag, Mg, Ca and P concentrations were significantly constant respectively after 120, 60 and 30 days of storage. It therefore appeared that in ACr97comp1w, Ca and Mg contents were best preserved in the three conservation devices. In ACr97comp1wsynth variety, Ca, Mg and K contents were significantly stable for all the preservation time (120 days) and P content was maintained during only 30 days of storage (Figure 8 ). In the attic, the results were similar to those in the granary. In the bag, the results were similar to those in the attic. We can deduce that mineral contents in ACr97comp1wsynth variety were preserved in the three conservation modes. Note: histograms with the same letter for each of the minerals are not significantly different at P>0.05. T0: initial content; T1: content after 30 days of preservation; T2: content after 60 days of preservation; T3: content after 90 days of preservation; T4: content after 120 days of preservation
DISCUSSION
The duration and the preservation method are some important factors acting on the quantity and the nutritional quality of cereals (O'Quinn et al., 2000) . To get a general idea on the nutritional quality and especially on mineral elements of maize grains during preservation, ash content was determined. Ash rates recorded in our maize varieties during preservation ranged between 1.20 and 2.93%. These results are similar to those of wheat that lie between 1.7 and 2.1% (MSDA, 1994) . Maize varieties ash content decreased or increased depending on time, preservation device and variety. According to Will and Fourre (1998) , this variability of ash content is influenced by genetic, climatic, agronomic and technological factors. Analysis of the mineral constituents of maize varieties during preservation has highlighted that Ca, P, K and Mg were the four important minerals. All the concentrations of these minerals were lower than those indicated by FAO (1993) , which were respectively 48.3 mg/100 G; 299.6 mg/100 g; 324.8 mg/100g and 107.9 mg / 100 g in maize grains. The variation of mineral rates depends on maize variety and storage mode. Mg and Ca rates did not change in almost all varieties for respectively 120 and 30 days of preservation in the granary, the attic and the bag. However, K was best preserved in the bag (during 120 days) for violet de Katiola, in the attic (during 90 days) for AC176 variety, in the granary (during 60 days) for EV8728 variety and in the three preservation modes (between 60 et120 days) for ACr97comp1wsynth variety. P was best preserved in the attic (during 90 days) for ACr97comp1w variety. In fact, most of the variations observed during the storage, in particular the increase of ash content and therefore the mineral content can be explained by the decrease in some carbohydrate constituents because of respiration and mobilization of reserves at the harvest of maize varieties (Treche and Guion, 1980) . The variations observed during the storage in the granary and the bags were more important than those recorded in the attic. It should be noted that our results were lower than those from the Swiss database of feed (Agroscope, 2008) and from France (I.N.R.A.; A.F.Z., 2004). These minerals are part of essential micronutrients, because contributing to the proper functioning of human organism through their involvement in the physiological and metabolic reactions. They need to be used in very small quantities in the diet to stimulate cell growth and metabolism (Oyewole and Asagbra, 2003) . Calcium is involved in the formation of bones and teeth while magnesium is an important cofactor in many reactions of cellular metabolism (Soetan et al., 2010) . Phosphorus is a mineral that is involved in the production of cellular energy and in the synthesis of phospholipids, nucleic acids and phosphoproteins, while potassium plays an important role in the regulation of cellular osmotic balance (Murray et al., 2000) . Our local and improved maize varieties would be suitable to feed 4 to 6 years old children whose magnesium requirements are estimated at 76 mg/d (FAO, 2004) . In addition, the mineral composition of the maize varieties studied revealed the absence of heavy metals such as lead and cadmium, which have a toxic effect by increasing oxidative stress and adversely affecting the reproduction function (Soetan et al., 2010) .
CONCLUSION
This study was implemented to assess the variation of mineral constituents of maize varieties during preservation. Magnesium and calcium were quantitatively preserved in almost all varieties for respectively 120 and 30 days of storage in the granary, the attic and the bag. However, potassium was best preserved in the bag (for 120 days) for "violet de Katiola", in attic (90 days) for AC176 variety, in the granary (for 60 days) for EV8728 variety and the three preservation modes (between 60 et120 days) for ACr97comp1wsynth variety. Phosphorus was best preserved in the attic (90 days) for the ACr97comp1w variety.
